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The  research  program,  initiated  in  1989  by  the  Laboratory'  for  Ceramic  and 


Reaction  Engineering  (LCRE),  was  aimed  towards  the  development  of  generic 

processes  for  growing  thick  films  deposited  by  CVD  techniques.  The  application  of 

thick-film  technology  includes  the  manufacturing  of  optical  windows  and  ceramic 

plates,  fabrication  of  optical  domes  and  refractory  crucibles,  production  of 

refractory  metal  tubes,  ceramic  fibers,  etc.  The  objective  of  this  research  was  to 

understand  the  complex  phenomena  which  could  occur  in  a  CVD  system,  including 

problems  of  reactive  fluid  flow,  instability  of  the  deposition  process  at  the  interphase 

fluid-solid,  stability  of  the  nucleation  process  on  the  solid  surface,  and  generation 

and  development  of  stresses  due  to  thermal  gradients  and  growth-induced 
» 

mechanisms.  New  ways  of  increasing  the  rate  of  deposition  were  also  contemplated. 
Scale-up  of  CVD  reactors  for  the  applications  previously  mentioned,  has  not  received 
much  attention  in  the  literature.  LCRE  has  since  been  working  on  such  Chemical 
Engineering  procedures  as  the  gathering  and  measuring  of  necessary  data,  and  a 
priori  simulation  of  laboratory  bench-scale  units  and  scale-up  to  pilot-plant  size. 

Summary  of  Progress 

Both  experimental  and  theoretical  research  were  performed  under  this 
program.  The  theoretical  research  consisted  mainly  in  the  development  of  software 
for  simulation  and  design  of  CVD  reactors  for  the  coating  of  fibrous  substrates.  The 
salient  features  of  the  sofpvare  developed  during  this  period  are: 

•  Two-dimensional  and  fully  three-dimensional  simulations. 

•  Additional  transport  mechanisms  have  been  incorporated  (Soret  effect, 
radiation). 

•  Different  kinetic  mechanism  have  been  analyzed. 

•  Bulk  and  fiber-scale  phenomena  have  been  analyzed  independently. 


•  Steady-state  and  dynamic  results  have  been  obtained. 

•  Development  of  software  for  the  analysis  of  different  CVD  applications  (i.e., 
ceramic  tubes  and  plates). 

•  Implementation  of  a  code  for  the  prediction  of  phase  diagrams  in  different 
systems  of  interest  to  the  manufacture  of  ceramic  tubes  and  plates  by  CVD. 

•  Development  of  the  routines  for  transport  and  physico-chemical  parameter 
estimation.  These  routines  are  part  of  a  modular  package  for  the  analysis 
of  CVD  systems. 

•  Analysis  of  thermal  and  growth-induced  stresses  in  the  deposition  of  thick 
ceramic  coatings  (titanium  diboride  mainly). 

•  Implementation  of  additional  graphics  and  animation  techniques  for  a 
better  understanding  of  the  underlying  physics  in  CVD  processes  (i.e., 
visualization  of  the  results  of  numerical  simulations). 

The  experimental  investigation  has  been  concentrated  in  the  production  of 
thick  films  and  its  application  in  the  manufacture  of  ceramic  tubes.  A  summary  of 
the  experimental  research  is  as  follows; 

•  Different  reaction  systems  have  been  analyzed  (i.e.,  silicon  carbide,  boron, 
and  titanium  diboride  coatings  on  graphite  tubes). 

•  Horizontal  arrangements  have  been  investigated  achieving  results  for 
silicon  carbide  tubes  (3-10  mm  thick  smooth  coatings). 

•  A  technological  process  has  been  developed  to  produce  SiC  tubes  from  a  CVD 
process. 

•  Design  and  construction  of  different  CVD  bench-scale  reactors. 

•  Development  of  techniques  of  veiy  fast  CVD. 
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